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In this method, the flnoro-organlo compound is removed from 
air by scrubbing with 1-hexanol, in which solvent the fluoro compound is 
decomposed by refluxing with sodium« The sodium fluoride formed is extract« 
with water and is estimated titrimetrically with thorium nitrate solution, 
using Solochrome Brilliant Blue BS as indicator. The method has been testae 
with methyl fluoroaeetate, 2-fluoroethanol and di-isoproeylfl#uorophOsphate 
in the range of 0,002 to 2 ag. of fluoride which is equivalent to 0.01 to 
8 mg. of-f luoro-organic compound per liter,       i • 1  „ 

(2) from Walter R. Kirner, Chief Division 9 to 
• Irvin Stewart, Executive Secretary of the National Defense 

Research Committee  ■' •" 
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Determination of Fluorine in Fluoro-Organic Compounds in 
Low Concentrations in Air 

John H. Xoe (Official Investigator), 
Jason M. Salsbury and Janes VI. Cole 

ABSTRACT 

An apparatus for the preparation of mixtures of fluoro-organic compounds 

and air, and a method for the determination of fluorine in such compounds are 

described. The analysis involves (1) removing the fluoro-organic compounds by 

scrubbing the air mixture with 1-hexanol, (2) decomposing the fluoro-organic com- 

pound by refluxing with sodium, (5) extracting with water the sodium fluoride thus 

formed and (4) titrating the fluoride ion with thorium nitrate solution, using 

Solochrome Brilliant Blue BS as indicator. This method has been tested in the 

concentration range of 0.002 to 2 mg. of fluoride which is equivalent to 0.01 to 

8 mg. of fluoro-organic compound per liter of air. 

Three fluoro-organic compounds were analysed. With methyl fluoroacetate 

in the range 0.01 to 8 mg. per liter, a recovery of about 90$ was obtained. About 

90$? of 2-fluoroethanol was recovered from air mixtures when the concentration was 

0.02 to 3 mg. per liter) tfhen the concentration was 0.01 to 0.03 mg. per liter, 

the recovery was only about 75,*. The recovery of di-isopropylfluorophosphate is 

7Zfj at a concentration of 0.02 - 0.04 mg. per liter, 84$ at 0,07 - 0.15 mg. per 

liter, and 68$ at 1 - 2 mg. per liter. By using two scrubbers in series, 90$ 

of di-isopropyl fluorophosphate was recovered at a concentration of 1 to 2 mg. pe» 

liter. 
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Determination of Fluorine in Fluorö-Organlc Compounds in 
Low Concentrations in Air 

INTRODUCTION 

A survey of the literature reveals that threo procedures have been devel- 

oped for the analysis of mixtures of fluoro-organic compounds in air: (1) 

pyrolysis of the gas in a methyl alcohol flaue1 or by passage over a heated 

platinum wire \  (2) oxidation by a solution of cjtuaonium sulfate in sulfuric acid 

or chromic acid and detection of HP by etching of the glass container ; (5) scrub- 

bing the gas with ammonia and decomposing the fluoro-organic compound4*8. Usually 

the inorganic fluoride was detected or estimated by standard methods. 

In this report a procedure is described for the determination of fluorine 

in methyl fluoroacetate, 2-fluoroethanol and di-isopropylfluorophosphate at low 

concentration in air. The compounds are scrubbed out of the air mixture by pass- 

ing the latter through a CDS scrubber containing 1-hexonol. Tho 1-hcxanol solu- 

tion is thon rofluxed with sodium to decompose the fluoro-organic compound , and 

the bodium fluoride is extracted with water. Alquots aro titrated with thorium 

nitrate solution, using Solouhrome Brilliant Blue BS7 as indicator. 

PROCEDURE 

Preparation of the Qajg Mixture. To obtain gas mixtures of low concentra- 

tion, a known amount of the fluoro-organic compound must be volatilized in a 

definite volume of air. This may be accomplished by passing air over the compound 

and diluting the vapor to a known volume with air. The amount of substance vapor- 

ised is determined by the loss in weight of the vaporizer. The total volume of 

gas is calculated by multiplying the rato of flo»; of air by .the total time. The 

concentration of the fluoro-organic compound in tho air is then calculated by 
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dividing the might of compound volatilised by the total volume of air. 

1. Apparatus. The apparatus is shown schematically in Figure 1. 

Compressed air is dried in toner A by anhydrous calcium chloride. The rate of 

flow through the system is adjusted at pressure releases B or C. When pressure 

release C is used, the rate of air flow is reflated by the height of the water 

column. If more pressure is -required than can be obtained v/ith C (5 ft. of water) 

port of the water may be replaced by mercury) or pressure release B (ordinary two 

way stopcock) may be used. Pressure ;release C insures a constant rate of flow, 

but when B is used, the flow is iAointained constant by manual adjustment of the 

slsse of the orifice. The dried air passes through flowmeter D and is divided intc 

two streams; one goes through flowmeter E, vaporizer J and into the mixing chamber 

M, while the other stream goes directly to mixing chamber M, which is packed with 

glass wool. The volume of air going through the vaporizer ic determined by the 

position of stopcock G. The compound to be volatilized is contained in vaporizer 

J which consists of a glass tube 7 mm. In diameter and 40 mm. tall with glass 

side arms 2 mm. in diameter. 

The concentration of the fluoro-organic compound in the air is< determined by 

(1) the rate of flow and volume of air passing through the vaporizer J, (2) the 

temperature of the vaporiser, (3) the volume of liquid in the vaporizer, and (4) 
i 

the volume of the mixture after dilution. The diluted mixture is divided into 

two portions as it issues from the nixing chamber. Most of the mixture is vented 

at N, the rest going through stopcock Z into scrubber 0 and flowmeter F. The 

scrubber is immersed in the codling bath contained in a two quart Devar flask, P. 

The type of scrubber used is very important because each has its ovm char- 

acteristics. A scrubber (Plate 1) obtained fron the Chemical Warfare Service, 

Technical Division, Edgewood Arsenal, was used for most of these experiments. 

i 



In most of the tests' described in this report the rate of flow of air, as 

shorn by flowmeter D, «as 10.0 liters per minute, and the gas «as scrubbed at a 

rare of 1.0 liter per minute. The other nine liters of gas was vented at N. 

Stopcock I is a three nay stopcock to allow tho gas to by-pass the scrubber 

./hen desirable. The rate of flow of gus through the scrubber is measured by  . 

flovnaeter F. 

Scrubbing Operation. The scrubbing operation is performed in the follow- 

ing uanner. Place the coapound to be volatilized in vaporizer J and weigh. 

Attach the vaporizer to the rest of the apparatus with rubber connections. The 

connection at K must be glass to glass .because the vapors pass through it. Close 

stopcock H and adjust stopcock I so tho gas will.by-pass the scrubber. Charge 

o 
the CHS scrubber with 40 ml. of 1-hoxanol; immerse in a bath at -40 C; then 

attach it to the apparatus through connection L. This connection oust bo glass 

to glas8. Close the stopcock at B and open tho stopcock to C. Pass the air into 

A at a rate in excess of ten liters per minute, and adjust the water level in 

pressure release C so that 10.0 liters of air per minute passes through flow- 

meter D. Adjust the stopcock at N till a flow of about one liter per minute 

is registered by flowmeter F. Turn I so the air will go through scrubber 0 

and make final adjustment at N till a flow of 1.0 liter per minute passes through 

flowmeter F. Opon stopcock H and time (stopclock) the period that air goes throug 

H. Flowiaeters D end F should be checked occasionally during the period of scrub- 

bing. When the scrubbing is completed, close stopcock H; turn stopcock I so 

gas by-passes the scrubber, and turn off the air. 

Disconnect vaporizer J and weigh. The loss in weight of the vaporizer di- 

vided by the total volume (in liters) of air used gives the concentration of 

fluoro-organic compound per liter. 
SECRET  
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Disconnect the scrubber at L and take it out of the cooling bath. Drain the 

solution through the lower stopcock into a 100 ml. gr. j. round bottom flask. 

Wash down the center tube with 10 ml. of 1-hexanol and combine the two solutions. 

Decomposition of Fluoro-Organic Compound*. (See Appendix for a list of the 

reagents) Add 0.2 g. of sodium to the 1-hexanol solution and attach a water 'OQn- 

denser. Reflux the mixture gently for ten minutes. After cooling for about a 

minute, extract the hot solution with two 10 ml. portions of water. Analyse the 

aqueous (lower) layer for inorganic fluoride. 

Titration of Inorganic Fluoride7. Add an aliquot of the aqueous solution 

containing up to 100 ug. of fluoride to water in a 50 ml. Nessler tube (125 mm. 

tall). Moke the solution acid to phenolphthalein with Z% perchloric acid and add 

1 ml. of Solochrome Brilliant Blue indicator solution. Add % perchloric acid 

carefully until the solution just turns red; then add 0.5 ml. of the chloroacetic 

acid buffer solution. Dilute the solution to 50 ml. To a similar Nessler tube 

add water, 1 ml. of Solochrome Brilliant Blue indicator solution; dilute to 50 ml. 

and add exactly. 0.10 ml. of. thorium nitrate solution. Titrate the sample solution 

with thorium nitrate solution until its color matches that of the blank. Subtract 

0.10 ml. from the volume of thorium nitrate solution used; the result is converted 

to ug. of fluoride ion by comparison with a previously prepared calibration chart. 

Rotes. 1. The vaporizer is weighed with the rubber connections the ends 

of which are stopperod with short pieces of glass rods. The vaporizer should be 

carefully wiped with a piece of linen before each weighing. 

2. A drop of glycerine put in rubber connection L will keep it lubri- 

cated for a long time. 

5. The liquid in the flowmeters is water; hence the gas passing into 

the scrubber contains a small amount of moisture. The latter condenses in the 
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upper port of the inner tube of the scrubber. When this tube is washed down with 

10 D1. of l-hexanol| the ice melts and goes into solution. This small amount of 

water does not interfere when the solution is refluxed with sodium. 

4. A temperature of -40°C. is obtained by adding solid carbon dioxide 

to ohlorobenzene. 

5. The reaction mixture must be cooled about a minute before it is 

extracted with water in oxder to avoid a vigorous reaction. 

6. Care must be exercised in acidifying the aqueous solution of sodium, 

fluoride. Unless the correct amount of acid is used, the indicator will not turn 

purple when an excess of thorium nitrate solution is added. Should too much acid 

be added, it should be neutralized with 3# sodium hydroxide before the buffer 

solution is added. 

7. Perchloric acid is employed to neutralise the.aqueous solution of 

sodium fluoride because sodium perchlorate has lees effect-on the endpoint of the 

titration than sodium chloride, acetate, carbonate, sulfate, or phosphate7. 

8. The titration must be carried out in a Nessler tube; a low result 

is obtained when an Erlenmeyer flask is used'. 

DISCUSSION 

To ascertain the. optimum conditions for determining the concentration of 

fluoro-organic compounds, in air nine variables were studied: (1) the solvent used 

to scrub the fluoro-organic compound out of air; (2) the size of the sample to ■ 

be analysed; (3) the completeness of the extraction of sodium fluoride from the 

reaction mixture} (4) the time of refluxing necessary to obtain quantitative de- 

composition of the samplej (5) the dye used to indicate the endpoint of the thoriuu 

nitrate titration of fluoride; (6) the concentration of the fluoro-organic compouac 
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(7) the temperature of the scrubber| (8) the volume of the scrubbing liquid, end 

(9) the rate of flow of tho gas through the scrubber. The effect of the first 

five variables «ill bo discussed in this section and the last four in the section 

on methyl fluoroacetate. 

Solvent  The success of the scrubber depends upon the nature of the solvent 

High boiling aliphatic alcohols were tested as .solvents because they would iilso 

serve as the reflux medium for the decomposition of the fluoro-organic compound 

by sodium.  Both 1-hexanol and l~octanol proved to be suitable as the scrubbing 

solvent, but further experiments showed 1- hexanol to be the better. 1-Hexanol 

can be cooled without solidification to -40 C, the temperature required for 

satisfactory scrubbing of low concentrations of the fluoro-organic compounds; 
Q 

1-octanol freezes at .-58.5 C. After the decomposition mixture is extracted with 

water, the 1-hexanol may be recoverod by distillation followed by fractionation. 

Size of Sample. The aliquot to be titrated »with thorium nitrate solution 

using Solochrome Brilliant Blue indicator must contain between 1 ug. and 100 ug. 

of fluoride ion. The endpoint in the titration is dependent to some extent on 

the concentration of sodium perchloratej hence a blank should be made by refluxin 

60 ml. of 1-hexanol with 0.2 g. of sodium, extracting with water, and titrating 

the some size aliquot as used for the fluorine titration. 

When the sample<to be analysed contains loss than 100 ug. of fluoride-ion, 

the entire sample must be used for the thorium nitrate titration. Better results 

were obtained in this case if. the procedure was modified in the following manner; 

Collect the sample by scrubbing; then reflux with sodium according to the stand- 

ard procedure. Extract the reaction medium with 10 ml. of water and separate the 

aqueous (lower) layer. Add two drops of phenolphthalein to tho aqueous, solution 

and neutralize with 60$ perchloric acid. Extract the 1-hexanol solution (upper 

"SECBET  '■'■■■' 
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layer) with another 10 ml. of water, end odd the aqueous (lower) layer to the 

neutralized aqeuous solution. Neutra]ize the combined aqueous solution with 3/S 

perchloric acid and analyse for fluoride in the usual way. 

Extraction of Fluoride. Practically all the sodium fluoride is extracted 

from the reaction uixture by two 10 ml. extractions with water. A third extract- 

ion yields less than Q.SjL additional fluoride ion. 

Reflux Time. Ten minutes of reflux with 0.2 g. of sodium in 1-bexanol has 

been shown to be sufficient decompose completely methyl fluoroacetate, di-iso- 

propylfluorophosphate, and 2-fluoroethonol . 

Indicator. The aqueous solution of sodium fluoride may be titrated with 

thorium nitra«c, using sodium alizarin sulfonate a^ indicator0. This indicator 

will not detect less than 10 fig. of fluoride ion, but Solocbromc Brilliant Blue 

will detect. 1 ug. of fluoride) hence the latter was used for most of. the thorium 

nitrate titrations. 

i 

RESULTS 

Analysis of Methyl Fluoroacetate in Air. The recovery of low concentrations 

of methyl fluoroacetate from air was found- to depend on four factors: (1) the 

concentration of methyl fluoroacetate; (2) the temperature of the bath in which 

the.scrubber was immersed; (3) the volume of 1-hexanol used in the scrubber; and 

(4) the rate of flow of the gas through the scrubber. About 90$ of the methyl 

fluoroacetate.in air containing from 0.01 mg. to 8 mg. per liter is recovered if 

the gas is passed at a rate of 1.0 liter per minute into 40 ml. of 1-hexanol in 

a CIVS scrubber-cooled in an ice bath at -4Q°C. 

1. The effect of temperature and concentration. t.Satisfactory recovery 

was obtained at 20°C. and! 0°C. when the concentration was above 0.07 mg. per liter, 
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but a temperature of -40°C. is necessary to get 90^ recovery when the concentra- 

tion drops to 0.01 mg. per liter. The data in Table 1 were obtained using a rate 

of flow of one liter per Minute and 40 nl. of 1-hexanol. 

Table 1. Iffsot of Temperature on the Analysis of Mixtures of Methyl 
Fluoroacetate and Air. 

Cone. Volurae Mg. Fluorine Recovery, / 
Coup. analysed Found Calc.(a) Average 
Mg./l. liters 

Bath Temperature: 20 °C. 

6.79 5.0 5.64 6.77 85 
3.20 5.0 2.59 3.18 81 
1.66 5.0 1.47 1.84 90 
1.60 5.0 1.55 1.58 85 85 ± 3 

0.210 10.0 0,552 0.415 85 
0.274 10.0 0.550 0.595 89 
0.160 10.0 0.287 0.517 91 88 -  2 

0.0270 20.0 0.0786 0.106 74 
0.0145 20.0 0.0570 0.0575 65 
0.0140 20.0 0.05.Ö1 0.0554 63 
0.0155 20.0 0.C551 0.0534 66 67 ± 4 

Bath Temperaturei 0C »0. 

1.88 5.0 2.15 1.86 115 
1.72 5.0 1.72 1.70 101 
1.66 5.0 1.65 1.64 100 105 - 6 

0.140 10.0 0.247 0.276 90 
- 

0.168 10.0 0.297 0.352 90 
0.110 10.0 0.207 0.217 95 
0.142 10.0 0.225 0.280 80 
0.205 10.0 0.574 0.400 94 
0.258 10.0 0.404 0.470 86 
o.ao 10.0 0.579 0.415 91 
0.226 10.0 0.424 0.-147 95 
0.201 10.0 0.545 0.597 86 
0.198 10.0 0.352 0.592 89 90 ± 3 

0.068 20. ü 0.245 0.269 85 
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Conp. 
Mg./L 

C.016 
0.Ü11 
0.021 
C.013 
0.015 
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Table 1 (Oont.) 

Voluuc    Mf> Flucrino  Recovery, % 
analysed  Found  Calc.(a)   Average 
liters 

10.0 
10.0 
11.0 
10.0 
20.0 

0.0107 0.02,17 68 
0.0125 0.0218 57 
0.0286 0.041b 69 
0.0182 0.085Ö 70 
0.0410 0.0594 C9 65 ± 7 

Bath Temperature-: -40°C. 

2.10 5.0 £.33 3.36 9'J 

3.56 5.0 3.80 i-.ül 108 
4.46 5.0 -t • «^ J ■;.■•'■ 1 99 102 * 4 

0.1/76 10.0 0.61? 0.745 82 
0.511 10.0 0.539 0.G14 •c;. 
0.297 10.0 0.561 0.Ö83 :•■■■■ 

o.p.v:.' 10.0 0.55c o.e;: 8 87 :i.: ± I 

0.0270 20. C 0.0678 0.106 8 ■: 

0,0105 20.0 •   .■.•',' • 0.0415 89 
0.0120 £0.0 0.0390 0.0475 82 
0.01.U-' 15.0 0.0308 G.u;'':i 92 8 ? 

(a) Based on assay of 96;. uothyl fiuoro-ictstate. 

'<..    The effect of volwao or  1-hexonol. As expected, Lncrui 

volurce of liquid in the scrubber increases the n-covory of : .ethyl fluoro: c. fr • . 

Wlien the voluue of 1-hexanol v/as incrt;r.sed fror;. 20 r.l. to 50 ül., tu • r 

creased frou 82,' to 93% with tho scrubber at 0 C. and a  rate of flow of 

liter per oinute. (See Table ?..) 
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A.I..-..I 

Efiuct, oi   Voii:..o o; 

Voiua. 

1;;. iro   ,'i t:-.t. 

V G-Li.:.'.":C 

1-hi . iiiol      nr.ai\ 

..      A3 1 

Found 
i;./x. 

Ü. ci'J! 

0.£iC 

0.27: 

r..l. 

: 

Lit, j 

10.0 

::: 

50 

Li 

x J.O 

: 0.C2C 

, £il 
in.j        0.Ö6.; 
l'J.i) o. PIT 

(a) 

.; s.'.L;'   y. ..•  • ij orf o:' Mi ihyl 

10 ri :e Recovery> 
.].c.(..) Avi.-i". ;> 

"Ki 
'.'.,•"£ ■■>. 

BE i a 0.7. 6 30 

Ü.--JO0 
v.. 1'iC 16 
0.4.1.Ü ■1 üo i :* 

C.   '•! 100 
0.7L6 . 
0."17 •■1 

■ p. 

n.csj ■" 
03 i 1 

- - - - - ■■  ■ 

DH&ea or: ast;: of 96,-.   .ut.h;.]     Luoroacetate. 

i.'ic ciiect t   rcioi> .:. re^ovory 01 ..etnyJ VI'.; 

jetatf; is duurcc .10 ra r .lo'. I'l-om one lit. 

:er minute to Wo i.i j r.Ut' .ivory or' 38'.. i: nxneu v rith 

a flov ,f   .no 1 1 uur ■ ■ .'   .;. ■. .-.'d at ■:   flov/ oC tw< 

lite per :..li::.t v;.:i:.. ■   uj ■:'.: .;■•■   :oi.t!,.x: „r AX tor j.s scrubbed 

,it;i 4o   VL.  of J  U. iu    at ei. :,er ,v..i.nute smi 

85;'' at tvro liters pur minute ir\ f1)».' (Saa Ta'. ic; 5). 

Tub.' .::, st o R IT,, 
. 
v.    iU-a 1.^31 LXtUI :thyl fc'luoro- 

c ■ 
Co: •i • 

■A. 

■   .',:•.'■:■ Rc;co/orj 
"- t,'. . ounu lc.(a,bj Average 

Bath 

1.0 

0 c 

0.:. so 
0.; 71 
0.a4'J 
:■ . ■ : . 

0.^67 

•B30    1. 

.361     1.0«: 

78 

:3..    b; 

:JKK: 



SECRET 

11 

Table T,  (Cont.) 

Cone. 
Coiap. 

Flov; 
rate 

l./uin. 

Mg. Fluorine   Recovery» % 
Found Calc.(u,b)   Average 

Bath Temperature: 20°C. 

or-.0.3 1.0 See Table 1 88 + 2 

0 438 2.0 0.999 1. 76 £>8 
0 490 2.0 1.175 1. 97 61 
Ü 548 2.0 0.625 1, 58 60 
0 •103 2.0 0.906 1 69 57 59 + 2 

(a) Based on asaay of 96,o nothyl fluoroacetnte. 
(b) Ten liters of gas analysed. 

Analysis of Di-isopropylfluoiophosphatR in Air. The percentage recovery 

varies with the concentration when air containing low concentrations of di-iso- 

prc-pylfluorophosphate is passed at a rate of one liter per uinuto through a CWS 

scrubber containing 40 ml. of l-heranol and cooleJ in a bath at about -40°C. 

Recoveries ;;ere as follov/s: 72,J at •; concentration of 0.02 - 0.04 ug. per liter, 

84,o  at 0.07 - 0.15 mga per liter, and 68$ at 1 - ?. ug. per liter. The precision 

is good for concentrations up to 0.15 og, per liter, but inconsistent results 

were obtained in the ran/»e 1-2 ng, per liter. With two scrubbers in' seriop, con- 

sistent recovery of 90> of the di-isopropylfluorophosphato is obtained at n  con- 

centration, of 1 to 2 ug. per liter. However, two scrubLors in ^rl..r. aid not 

appreciably increase tha recovery when the gas concentration was oiily Ü.Dir  üg. 

per liter. These data are sturariaed in Table 4. 

-/ 
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Table 4. Anrlycis of Kixturee of Di-isopropylfluorophosphnte and Air. 

Cone. Voluue Mg. Fluorine Recover T      g 
Coap. analysed Pound Calc. tvorc %c 
Mg./l. liturs 

1.60 10.0 1.04 1.65 63 
1.52 10.0 0.90 1.56 cB 
1.5b 10.0 1.06 1.39 76 
1.48 10.0 1.28 1.63 84 
1.30 IS. 0 1.52 2.59 59 
1.2E 12.0 1.05 1.51 70 68 ± 8 

1.5S ICO 1.36(a)    V 1.575 86(a) I 
5  > I 

Bl 
0.0736(b) 1 

1.62 10.0 1.41(a) 1 
0.125(b)j 

1.37 84(a)i 
7b),1 

91 

1.76 10.0 1.228(a) I 1.81 67(ah 
I?     5 

86 SO ± Z 
0.349(b)J 

0.141 10.Ü 0.115 0.145 79 
0.1S0 10.0 0.111 0.134 8?. 
0.10S 15.0 0.130 r,.v;z 30 
0.Ü87 15.0 0.121 G.134 00 
0.0693 L5.C 0.160 0.177 90 
0.070 15.0 0.0883 0.1O8 81 84' ± 4 

0.028 ^ 25.0 0.0480 0.0732 66 
0.0280 25.0 0.U520 0.0721 r-1 

1   K • 
*J.CjZ2.b £6.0 0.0680 L.C866 79 
0.0240 ' fc5.0 0.0492 0»0618 &Ö 
0.0260 25.0 ;'0.0427 0.0660 61 
0.0264 ' 25.0 ' 0.0419 D.J628 67 
0.0356 0.0636 C.ÜPüO 74 .■ 

0.0410 J«J.O .0.0620 "0.0645 .•73'. .   ' ,7?"± 5 

0.0457 S0.0(c> PVl4l(a)«l 
0.002(b)r • 

.0.190 76 
•    .• • 

0.0516 30.0 0.115(a) 1'. 
0*003(b)) 

•'• Ö.16Q T&fa) i 77 
2'      . 76 i 1 

(a) Two sci*ubbers ut>ed in Foriej. This value vvris obtained 
in the i'irsst scrubber. 
(b) Two scrubbers used in series. Thiu value was obtained 
in the second scrubber. 
(c) Hate of flow was 1.35 iit«rs per minute. 
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Analysis of 2-Fluoroethanol in Air.  When fixtures containing between 0.2 

and S ag< of 2-fluoroethanol per liter of air are passed into a CWP scrubber con- 

taining 40 ill. of 1-hexanol and cooled in a bath at about -40 C, a recovery o;' 

Approximately 90,i is obtained. Under the caiie condition» a recovery of only 50$ 

is obtained when the concentration is 0.01 to 0.03 r.:g. per liter of air. When 

1-hexanol recovered fron previous analyses uy distillation and fractionation 

b.p., 156.7 - 157.7 C.| was used to scrub gas containing 0.01 to 0.03 rag. of 

2-fluoroethanol per liter, a recovery of about 76$ was obtained. Two scrubbers 

in series, using fractionated 1-hexanol did not inprove the recovery ir. this con- 

centration ran^e; in no case did the second ucrubbor pick up any fluoro-organic 

compound. Those data are suiiuarized i;i Table 5. 

Table 5. Analysis of Mixtures of 2-Fluoroethanol and Mr. 

Cone. Voluue Mg 
Conp. analysed Found 
Mg./l. liters 

1-rHexanol (pn 

1.40 CO 1.86 
2.68 5.0 o.04 
1.56 5.0 1.94 
1.70 6.0 2.58 

0.^:05 9.0 0.505 
0.246 10.0 0.6S5 
0.254 10.0 0.648 
0,265 '     10.Q 0.681 
0.241 10.3(b) 

lC.'Sfb} 
0.6J27 

0.227 C.591 

Mg. Fluorine 
Calc.(a) 

Recovery, % 
Average 

2.22 84 
Ü.52 86 
2.06 94 

' 88 i 5 2.70 88 

G.;-ZQ 94 
C.6S0 98 
0.671 97 
C.7CC 97 
0.627 98* 
CSC") 9P 97 ± 1 

SECRET 
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Table 5 (Cent.) 

Cone. Volume Mg. Fluorine Recovery. % 
Coup. analysed Found Cole.(a) Average 
Mg./l. liters 

0.0225 20.0 0.0696 0.119 59 
0.0109 22.0 0.0512 0.0634 49 
0.0155 20.0 0.0456 0.0819 56 
0.0150 20.0 0.0410 0.0793 51 
0.0124 21.0 0.0536 0.0687 49 
0.0140 20.0 0.0315 0.0740 43 
0.0115 20.0 0.0275 0.0617 45 
0.0130 23.0 0.0456 0.0792 58 
0.0155 20.0 0.0352 0.0820 43 
0.0318 21.0 0.0303 0.0765 40 
0.0155 20.0 0.0361 0.0820 44 49 t  4 

Recovered 1-hexanol (fractionated) 

0.0150 20.0 0.0604 0.0794 76 
C.0160 20.0 0.0688 0.0b36 81 
0.0120 20.0 0.0439 0.0635 69 
0.0130 20.0 0.0500 0.0687 73 
0.0150 20.0 0.0612 0.0794 77 
0.0168 22.0 0.0667 C.0978 68 74 ± 4 

0.0180 30.0 0.119(c) 0.143 85 
0.0162 32.0 0.0903(c) 0.137 63 
0.0317 50.0 0.199(c) 0.250 80 76 »± 7 

(a) Based on assay of 89;? 2-fluoroethanol. 
(b) Rate of flow was 1.0S liters per minute. 
(c) Two scrubbers used in series. This value 
was obtained in the first scrubber. 

SUMMARY 

A method has been described for the determination.of•fluorine'in- low con- 

centrations of three fluoro-organic compounds in airy; It is based on (l) scrub-' 

bing the i'luoro-organic compound out of air with 1-hexanol: (2) decomposing the 

sample by refluxing the solution with sodium} (3) extraction of the sodium fluor- 

ide with waterj and (4) titration of the aqueous layer with thorium nitrate 

solution, using Soloehrorae Brilliant Blue BS as indicator. The results may be 

summarized as follows: About 90$ of the methyl fluoroacetats is recovered when ' 
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the concentration is between 0.01 rag. and 6 rag. per liter of air. About 90$ of 

the 2-fluoroethanol is recovered when the concentration is 0.2 - 3 mg. per liter, 

but only 75$ in the range of 0.01 to 0.03 mg. per liter. The recovery of di-iso- 
< 

propylfiuorophosphate is 75$ at a concentration of 0.02 - 0.04 mg. per liter, 

84/t at 0.07 - 0.15 ng. per liter, and 68$ at 1 - 2 rag. per liter. The use of two 

scrubbers in series yields 90$ recovery at a concentration of 1 to 2 rag. of di- 

isopropylfluorophcsphate per liter. 

An apparatus for preparing mixtures of fluoro-orgcnic compounds and air of 

accurately known concentration is described. 
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APPENDIX 

j Sv 
1 Si 

Reagents. 1. Thorium Nitrate Solution. Dissolve 0.69 g.,  of thorium nitrate 

Th(N03)4.4Hg0 (reagent grade),in water and dilute to one liter. The solution is 

approximately 0.005 N. 

2. Solochromo Brilliant 31ue BS Indicator Solution. Dissolve 0.02 g. 

of Soloehrome Brilliant Bine BS in 100 ml. of watei*. Solochromo Brilliant Blue 

obtained from different sources may vary seme in its indicator action; hence 

standardization and analyses must be made tfitU the same lot of indicator unless 

the; different lots have been checked as to identity. 

3. Chloroacetic Acid Buffer Solution. Dissolve fig.7 g. of chloro- 

acetic acid and 4.8 ;:;. of sodium hydroxide in water and dilute to onu liter. 

J. 1-Hexanol. Eastman (practical grade), b.p., 155 - 158 C. 

5. Perchloric Acid, 60$. Dilute fJ6 ml. of '10$ perchloric acid (roagont 

grade) to 100 ml. with water. 

6. Perchloric Acid, 3;L    Dilute 5 ml. of &0p perchloric acid to 100 ml. 

with water. 

7. Sodium hydroxide, bp.    Dissolve 5.0 g. of sodium hydroxide (reagent , 

grade) in 97 ml. of water." 

8. Sodium. Cut sodium (reagent grade) into small pieces weighing 

•"'.2 1 0,02 g. and store under kerosene. 
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